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LIGHT-EMITTING SEMICONDUCTOR DEVICE 
USING GROUP III NITRIDE COMPOUND 

BACKGRO UND OF THK INVENTION 
Field of the invention 

The present invention relates to a flip type of 

light-emitting semiconductor device that comprises layers 
using group III nitride formed on a sapphire substrate* 
Especially , the present invention relates to the device 
having a high luminous intensity and a low driving voltage ; 

Description of the Related Art 

FIG. 7 shows a sectional view of a conventional flip 
type of light-emitting semiconductor 400. Each 101, 102, 
103, 104, 105, 106, 120, 130, and 140 represents a sapphire 
substrate, a buffer layer of A1N or GaN, an n-type GaN layer, 
an emission layer, a p-type AlGaN layer, a p-type GaN layer, 
a positive electrode, a protective film, a negative 
electrode having a multi-layer structure, respectively. And 
the thick positive electrode 120 which is connected to the 
layer 106 is a metal layer having a thickness of 3000 A and 
being formed by metals such as nickel (Ni) or cobalt (Co). 

Conventionally, to reflect light emitted from an 
emission layer 104 toward a sapphire substrate 101 
effectively, a thick metal electrode is used as a flip tip 
type positive electrode 120. 

However, a problem persists in luminous intensity. In 
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the conventional device, metals such as nickel (Ni) or 
cobalt (Co) has been used to form the thick positive 
electrode 120. As a result, a reflectivity of visible 
(violet, blue, and green) rays whose wavelength is in the 
range of 380 nm to 550nm was insufficient, and the device 
could not obtain an adequate luminous intensity as a light- 
emitting semiconductor device. Therefore, further 
improvement has been required, as presently appreciated by 
the present inventors . 

SUMMARY OF THR INVENTION 

An object of the present invention is to obtain a 
light-emitting semiconductor device having a high luminous 
intensity and a low driving voltage. 

Another object of the present invention is to obtain a 
light-emitting semiconductor device whose electrode has a 
high reflectivity and a high durability and in which the 
structure of electrodes is simplified. 

To achieve the above objects, a first aspect of the 
present invention is a flip A «fe*p type of light-emitting 
semiconductor device using group III nitride compound 
semiconductor constituted by group III nitride compound 
semiconductor layers which is formed on a substrate and a 
positive electrode including at least one layer of a first 
positive electrode layer which is contacted to a p-type 
semiconductor layer and reflects light toward the substrate. 



The positive electrode is made of at least one of silver 
(Ag), rhodium (Rh), ruthenium (Ru), platinum (Pt), palladium 
(Pd), and an alloy including at least one of these metals. 
The thickness of the positive electrode should be preferably 

in the range of 100 A to 5 /um. 

The second aspect of the present invention is to form 
a multi-layer structure made of a plural kinds of metals in 
the electrode described above* When the first positive 
electrode layer formed on or above i.e., comparatively close 
to the p-type semiconductor layer is made of silver (Ag), 
rhodium (Rh), ruthenium (Ru), platinum (Pt), palladium (Pd), 
and an alloy including at least one of these metals, the 
effect of the present invention is realized. Almost all the 
lower layers including the first positive electrode layer, 
which are placed in the range of 1000 A below the positive 
electrode, should be further preferably made of metals 
described above. 

The third aspect of the present invention is to form a 
first thin-film metal layer made of at least one of cobalt 
(Co), nickel (Ni), and an alloy including at least one of 
these metals between the p-type semiconductor layer and the 
first positive electrode layer. 

The fourth aspect of the present invention is to 
define a thickness of the first thin-film metal layer in the 
range of 2 A to 200 A. The thickness of the first thin- 
film metal layer should be preferably in the range of 5 A 
to 50 A. 



The fifth aspect of the present invention is to form a 
second thin-film metal layer made of at least one of gold 
(Au) and an alloy including gold (Au) between the first 
thin-film metal layer and the first positive electrode layer. 

The sixth aspect of the present invention is to define 
a thickness of the second thin-film metal layer in the range 
of 10 A to 500 A. The thickness of the second thin-film 
metal layer should be preferably in the range of 30 A to 
300 A. 

The seventh aspect of the present invention is to 
define a thickness of the first positive electrode layer in 
the range of 0.01 jmm to 5 jum. The thickness of the first 
positive electrode layer should be preferably in the range 

of 0.05 //m to 1 //m. 

The eighth aspect of the present invention is to form 
a second positive electrode layer made of one of gold (Au) 
and an alloy including gold (Au) on the first positive 
electrode layer. 

The ninth aspect of the present invention is to define 
a thickness of the second positive electrode layer in the 
range of 0.03 //m to 5 jum. The thickness of the second 
positive electrode layer should be preferably in the range 
of 0.05 jum to 3 //m, and more preferably 0.5 //m to 2 /im. 

The tenth aspect of the present invention is to form a 
third positive electrode layer made of at least one of 
titanium (Ti), chromium (Cr), and an alloy including at 
least one of these metals the first positive electrode 



layer or the second positive electrode layer. 

The eleventh aspect of the present invention is to 
define a thickness of the third positive electrode metal 
layer in the range of 3 A to 1000 A. The thickness of the 
third positive electrode layer should be preferably in the 
range of 3 A to 1000 A, 10 A to 500 A, and more preferably, 
15 A to 100 A, 5 A to 500 A. 

The twelfth aspect of the present invention is to form 
the first positive electrode layer made of at least one of 
rhodium (Rh), ruthenium (Ru), and an alloy including at 
least one of these metalson the p-type semiconductor layer. 

The thirteenth aspect of the present invention is the 
positive electrode having a multi-layer structure comprising 
following three layers: the first positive electrode layer 
made of at least one of rhodium (Rh), ruthenium (Ru), and an 
alloy including at least one of these metals; the second 
positive electrode layer made of one of gold (Au) and an 
alloy including gold (Au), formed directly on the first 
positive electrode layer; and the third positive electrode 
layer made of at least one of titanium (Ti), chromium (Cr) f 
and an alloy including at least one of these metals, formed 
directly on the second positive electrode layer. The first 
positive electrode layer is directly connected to the p-type 
semiconductor layer . 

The fourteenth aspect of the present invention is to 
define thicknesses of the first, the second, and the third 
positive electrode layers in the range of 0.02 //m to 2 ^m, 



0.05 film to 3 and 5 A to 500 A, respectively. 

The fifteenth aspect of the present invention is a 
flip^**p type of light -emitting semiconductor device using 
group III nitride compound semiconductor constituted by 
group III nitride compound semiconductor layers which is 
formed on a substrate and a positive electrode including at 
least one layer of a first positive electrode layer which is 
formed on or above a p-type semiconductor layer and reflects 
light toward the substrate. The positive electrode has a 
-three-layer structure constituted by a first positive 
electrode layer which is made of at least one of rhodium 
(Rh), ruthenium (Ru), and an alloy including at least one of 
these metals, a second positive electrode layer which is 
made of titanium (Ti), chromium (Cr), and an alloy including 
at least one of these metals, and formed directly on the 
first positive electrode layer, and a third positive 
electrode layer which is made of gold (Au) and an alloy 
including gold (Au), formed directly on the second electrode 
layer. 

The sixteenth aspect of the present invention is to 
form a fourth positive electrode layer which is made of at 
least one of titanium (Ti), chromium (Cr), and an alloy 
including at least one of these metals, and formed directly 
on the third positive electrode layer. 

The seventeenth aspect of the present invention is to 
form an insulated protective film made of at least one of 
silicon oxide (Si0 2 ), silicon nitride (Si x N y ), titanium 



compound (Ti x N y , etc-)/ and polyamide directly on the third 
and the fourth positive electrode layers. 

Because each of silver (Ag), rhodium (Rh), ruthenium 
(Ru), platinum (Pt), and palladium (Pd) has a large 
reflectivity R (0.6<R<1.0) with respect to visible (violet, 
blue, and green) rays whose wavelength is in the range of 
380 nm to 550nm, using one of these metals or an alloy 
including at least one of them to form the first positive 
electrode layer improves a reflectivity of the positive 
electrode. Accordingly, the device of the present invention 
can obtain a sufficient luminous intensity as a light- 
emitting semiconductor device. 

FIG. 6 illustrates a table showing characteristics of 
metals used in the first positive electrode layer. Details 
of the list are explained in the following embodiments. 
Judging from a various evaluations shown in FIG. 6, the five 
kinds of metals, i.e., rhodium (Rh), platinum (Pt), 
ruthenium (Ru), silver (Ag) , and palladium (Pd) , are proved 
to be best ones to form the first positive electrode layer. 

Because those five metals have a large work function, 
a contact resistance between the p-type semiconductor layer 
and silver (Ag), rhodium (Rh), ruthenium (Ru), platinum (Pt), 
palladium (Pd), and an alloy including at least one of these 
metals is small. That is, a light-emitting semiconductor 
device having a low driving voltage can be provided by using 
these metals . 

And because these metals are precious metal or 



platinum group metal, a age deterioration for corrosion 
resistance against moisture, for example, is improved and an 
electrode of high quality can be provided by using these 
metals. 

Although rhodium (Rh) is inferior a little to silver 
(Ag) concerning reflectivity, it has the same or superior 
characteristics compared with other metals for other 
characteristics. So rhodium (Rh) is proved to be one of the 
best metals to form the first positive electrode layer. 

Also, ruthenium (Ru) has a similar or close 
characteristics to rhodium (Rh) . So it is also proved to be 
one of the best metals to form the first positive electrode 
layer. 

By forming the first thin-film metal layer, an 
adhesion between the the first positive electrode layer and 
the p-type semiconductor layer is improved, and a light- 
emitting semiconductor device having a more durable 
structure can be provided. A thickness of the first thin- 
film metal layer should be preferably in the range of 2 A 
to 200 A. When the thickness of the first thin-film metal 
layer is less than 2 A, a firm adhesion cannot be obtained, 
and when more than 200 A, a light reflectivity of silver 
(Ag), rhodium (Rh), ruthenium (Ru), platinum (Pt) , palladium 
(Pd), and an alloy including at least one of these metals, 
which form the thick first positive electrode layer, becomes 
insufficient. 

Further, by forming the second thin-film metal layer, 
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an adhesion between the first positive electrode layer and 
the p-type semiconductor layer is improved, and a light- 
emitting semiconductor device having a more further durable 
structure can be provided. A thickness of the second thin- 
film metal layer should be preferably in the range of 10 A 
to 500 A. When the thickness of the second thin-film metal 
layer is less than 10 A, a firm adhesion cannot be obtained, 
and when more than 500 A, a light reflectivity of silver 
(Ag), rhodium (Rh), ruthenium (Ru), platinum (Pt), palladium 
(Pd), and an alloy including at least one of these metals, 
which form the first positive electrode layer, becomes 
insufficient. 

A thickness of the first positive electrode layer is 
in the range of 0.01 jULm and 5 >um. When the thickness of 
the first positive electrode layer is less than 0.01 /zm, an 
emitted light transmits through the larger without 
reflection and when more than 5 //m, too much time is 
required to form, which is not preferable for a mass 
production . 

By forming the second positive electrode layer, the 
positive electrode can be provided without increasing a 
resistance of the thick positive electrode. To prevent an 
adverse effect caused by heating and cooling while forming a 
bump material, a gold ball, or a wire bonding, the thickness 
of the positive electrode should be preferably more than 0.1 
/zm. Because gold (Au) is a material which is easy to be 
formed and has a superior corrosion resistance, and because 



it has strong adhesion to a bump material, a gold ball, or a 
wire bonding, it is preferable to use gold (Au) or an alloy 
including gold (Au) to form the second positive electrode 
layer. 

A thickness of the second positive electrode layer 
should be preferably in the range of 0.03 jum to 5 //m. When 
the thickness of the second positive electrode layer is less 
than 0.03 /zm, a sufficient effect cannot be obtained, and 
when more than 5 //m f too much time is required to form the 
electrodes. 

And ,when the thickness of the second positive 
electrode layer is more than 5 //m, a thickness of a 
negative electrode become unnecessarily thicker in order to 
form a bump or a gold ball, as explained in the following 
third embodiment, which is not preferable. 

By forming the third positive electrode layer (the 
fourth positive electrode layer in case of the sixteenth 
aspect) made of at least one of titanium (Ti), chromium (Cr) , 
and an alloy including at least one of these metals, when an 
insulation layer made of, for example, silicon oxide (SiO a ), 
silicon nitride (Si x N y ), or polyamide, between the positive 
and negative electrodes, which are formed on the opposite 
sides of the substrate, the insulation layer can be 
prevented from peeling off from the positive electrodes. 
Accordingly, the third positive electrode layer can prevent 
a bump material from short-circuiting while forming a bump. 
A thickness of the third positive electrode layer should be 



preferably in the range of 3 A to 1000 A. When the 
thickness of the thi*d positive electrode layer is less than 
3 A, a firm adhesion to the insulation layer cannot be 
obtained, and wheirmore than 1000 A, a firm adhesion to 
connecting materials such as a bump material or a gold ball 
cannot be obtained, which are not preferable. 

Because the ^positive electrode having a multi-layer 
structure as described above has a high reflectivity and a 
large durability against moisture, a protection layer can be 
partly simplified. As a result, the positive electrode can 
be connected to an external electrode without using a wire 
bonding. 

The flip <feLp» type of light-emitting semiconductor 
A 

device shown in the fifteenth aspect of the present 
invention differs from that of the thirteenth and the 
fourteenth aspect of the present invention in the 
constituent elements of the second and the third positive 
electrode layers. The semiconductor device shown in the 
fifteenth aspect can provide the same effect as that shown 
in the thirteenth and the fourteenth aspect of the present 
invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and characteristics of the 
present invention will become apparent upon consideration of 



the following description and the appended claims with 
reference to the accompanying drawings, all of which form a 
part of the specification, and wherein reference numerals 
designate corresponding parts in the various figures , 
wherein: 

FIG. 1 is a sectional view of a flip tip type of 
light-emitting semiconductor device 100 in accordance with 
the first embodiment of the present invention; 

FIG. 2 is a sectional view of a flip tip type of 
light-emitting semiconductor device 2 00 in accordance with 
the second embodiment of the present invention; 

FIG. 3 is a table to compare performances of each flip 
tip type of light-emitting semiconductor devices 100, 200 
and 400 in accordance with the second embodiment of the 
present invention; 

FIG. 4 is a sectional view of a flip tip type of 
light-emitting semiconductor device 3 00 in accordance with 
the third embodiment of the present invention; 

FIG. 5A is a table comparing luminous intensities of 
the light-emitting semiconductor device 300 explained above 
and the light-emitting semiconductor device 4 00 of prior art 
in accordance with the third embodiment of the present 
invention; 

FIG. 6 is a table showing characteristics of metals 
used in the first positive electrode layer in accordance 
with the third embodiment of the present invention; 

FIG. 7 is a sectional view of a light-emitting 



semiconductor device 4 00 of a prior art; 

FIG. 8 is a sectional view of a light-emitting 
semiconductor device 150 of the present invention; 

FIG. 9 is a plan view of a light-emitting semiconductor 
device 500 in accordance with an embodiment of the light- 
emitting semiconductor device 300 shown in FIG. 4; and 

FIG. 10 is a a sectional view of a flip tip type of 
light-emitting semiconductor device 600 in accordance with 
the fifth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described hereinbelow 
with reference to specific embodiments. 
(First Embodiment) 

FIG. 1 illustrates a sectional view of a flip tip type 
of light-emitting semiconductor device 100. The 
semiconductor device 100 has a sapphire substrate 101 which 
has a buffer layer 102 made of nitride aluminum (A1N) having 
a thickness of 200 A and an n + -layer 103 having a thickness 
of 4.0 jum with a high carrier concentration successively 
thereon. 

And an emission layer 104 constructed with a multi 
quantum-well (MQW) structure made of GaN and Ga 0 . B In 0 . 2 N is 
formed on the n + -layer 103. A Mg-doped p-layer 105 made of 
Al 0 . 15 Ga 0 85 N having a thickness of 600 A is formed on the 
emission layer 104. Further, a Mg-doped p-layer 106 made of 



GaN having a thickness of 1500 A is formed on the p-layer 
105. 

A first thin-film metal layer 111 is formed by a metal 
deposit on the p-layer 106 and a negative electrode 140 is 
formed on the"n + -layer 103, The first thin-film metal layer 
111 is made at least one of of cobalt (Co) and nickel (Ni) 
having a thickness about 10 A, and is adjacent to the p- 
layer 106. A positive electrode (first positive electrode 
layer) 120 is made of at least one of silver (Ag), rhodium 
(Rh), ruthenium (Ru), platinum (Pt), palladium (Pd), and an 
alloy including at least one of them, having a thickness of 

about 3000 A. 

The negative electrode 14 0 having a multi-layer 
structure is formed on an exposed portion of the n + -layer 
103 of high carrier concentration. The multi-layer 
structure is comprising following five layers: about a 175 
A in thickness of vanadium (V) layer 141; about 1000 A in 
thickness of aluminum (Al) layer 142; about 500 A in 
thickness of vanadium (V) layer 143; about 5000 A in 
thickness of nickel (Ni) layer 144; and about 8000 A in 
thickness of gold (Au) layer 145. A protective film 130 
made of Si0 2 is formed on the top surface. 

As described above, when the positive electrode 120 is 
made of at least one of silver (Ag), rhodium (Rh), ruthenium 
(Ru), platinum (Pt), palladium (Pd), and an alloy including 
at least one of these metals, a luminous intensity is 
improved by about 10 % to 50 % compared with a light- 



emitting semiconductor device 400 of prior arts which is 
shown in item number 1 and 2 of FIG. 3. 

(Second Embodiment) 

Chip 

FIG- 2 shows a sectional view of a f lip *rip type of 

A 

light-emitting semiconductor device 200 of the present 
invention- The semiconductor device 200 differs from the 
device 100 described in the first embodiment only in forming 
a second thin-film metal layer 112 on the first thin-film 
metal layer 111. The second thin-film metal layer 112 is 
made of Au having a thickness of about 150 A, which is 
formed by a metal deposit after the first-thin film metal 
layer 111 is formed, in the same way of forming the first 
thin-film metal layer 111 made of cobalt (Co) or nickel (Ni) 

having a thickness of about 1Q A. 

Forming this second thin-film metal layer 112 between 
the first thin-film metal layer HI and the positive 
electrode (first positive electrode layer) 120 enables the 
positive electrode 120 to be connected to the layer 106 more 
firmly. 

FIG. 3 shows a table to compare performances of each 
flip tip type of light-emitting semiconductor devices 100 , 
150, 200 and 400, respectively. The table of FIG. 3 also 
shows performances of a f lip A <fcip. type of light-emitting 
semiconductor device, comprising a positive electrode 120 
which is made of at least one of silver (Ag) and rhodium 
(Rh), directly contacted to the p-layer 106 without the 



first thin-film layer 111 in the first embodiment, shown in 
FIG. 8 (item number 3, or 3.1). 

As shown in this table, a luminous intensity of the 
light-emitting semiconductor device 100 or 200 in the 
present invention, which has the positive electrode 120 made 
of metal layers comprising at least one of silver (Ag), 
rhodium (Rh), ruthenium (Ru), platinum (Pt), palladium (Pd), 
and an alloy including at least one of these metals, is 
improved by about 10 % to 50 % compared with the light- 
emitting semiconductor device 400 of prior arts which is 
shown in item number 1 and 2 of FIG* 3. 

Further, with respect to the light-emitting 
semiconductor device 400 shown in item numbers 1 and 2, a 
first thin-film metal layer is not formed because the 
positive electrode 120 itself is made of cobalt (Co) or 
nickel (Ni), which ensures an adhesion between the positive 
electrode 120 and the layer 106 sufficiently. The light- 
emitting semiconductor device 400 shown in item number 1 and 
2 of FIG. 3, which contains the positive electrode 120 made 
of cobalt (Co) or nickel (Ni), has a low relative luminous 
intensity because a reflectivity of metal elements which 
constitute the positive electrode 12 0 is small. Accordingly, 
superiority or inferiority of the relative luminous 
intensities shown in FIG. 3 is not due to the existence of 
the first thin-film metal layer 111. 

Conversely, when the positive electrode 120 is made of 
at least one of silver (Ag), rhodium (Rh), ruthenium (Ru), 



platinum (Pt), palladium (Pd), and an alloy including at 
least one of these metals, a large luminous intensity can be 
obtained in case that the first or the second thin-film 
metal layer 111 or 112 is not existed, as understood 
comparing item number 3 with item numbers 4 and 8 of FIG. 3. 
The luminous intensity shows an excellent value although a 
adhesion between the positive electrode 120 and the layer 
106 is inferior to some degree. That is because the first 
and the second thin-film metal layers 111 and 112 which 
absorb light do not exist. 

Particularly, as shown in FIG. 8, when about 3000 A in 
thickness of the positive layer 120 made of rhodium (Rh) is 
formed directly on a p-type GaN layer 106 in the light- 
emitting semiconductor device 150 without forming the first 
or the second thin-film metal layer, whose characteristics 
are shown in item number 3.1 of FIG. 3, the light-emitting 
semiconductor device 150 can have about the same luminous 
intensity as that of the light-emitting semiconductor device 
200 shown in item 8. And also, an even or a firmer adhesion 
to the GaN layer 106 can be obtained. These are caused by a 
high reflectivity of rhodium (Rh) and a firm adhesion of 
rhodium (Rh) to the GaN layer 106 in the light-emitting 
semiconductor device 150. Accordingly, the light-emitting 
semiconductor device 150 shown in item 3.1 superior to the 
light-emitting semiconductor device 100 shown in item 5 of 
FIG. 3 at these points. 

In short, manufacturing the light-emitting 



semiconductor device 150 shown in item 3.1 of FIG. 3 means 
to be able to provide a light-emitting semiconductor device 
having sufficient conditions of a luminous intensity and a 
adhesion, because of a characteristic of rhodium (Rh), 
without forming the first or the second thin-film metal 
layer. Thus because the light-emitting semiconductor device 
150 does not need a forming process of the first or the 
second thin-film metal layer, a sufficient mass productivity 

can be realized. 

In the embodiment, the positive electrode 120 shown in 

FIGs. 1, 2 and 8 has a thickness about 3000 A. 
Alternatively, the thickness of the electrode 120 can be in 
the range of 100 A to 5 /zm. When the thickness of the 
positive electrode 120 is less than 100 A, a light 
reflectivity become insufficient. When the thickness is 
more than 5 //m, too much time and materials for deposit are 
required, which means that the thickness is of no use 
concerning a production cost performance. 

In the embodiment, the first thin-film metal layer 111 
has a thickness about 10 A. Alternatively, the thickness 
of the first thin-film metal layer 111 can be in the range 
of 2 A to 200 A. The thickness of the first thin-film 
metal layer 111 should be more preferably in the range of 5 
A to 50 A. When the thickness of the first thin-film metal 
layer 111 is too small, function of binding the positive 
electrode 120 to the GaN layer 106 is weakened, and when too 
large, a light absorption is occurred therein and a luminous 
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intensity is lowered. 

In the embodiment, the second thin-film metal layer 
112 has a thickness about 150 A. Alternatively, the 
thickness of the second thin-film metal layer 112 can be in 
the range of 1,0 A to 500 A. The thickness of the second 
thin-film metal layer 112 should be more preferably in the 
range of 30 A to 300 A. When the thickness of the second 
thin-film metal layer 112 is too small, binding the positive 
electrode 120 to the first thin-film metal layer 111 is 
weakened, and when too large, a light absorption is occurred 
therein and a luminous intensity is lowered. 

In the embodiment, the positive electrode 120 has a 
single-layer structure. Alternatively, the positive 
electrode 120 can have a multi-layer structure. The 
positive electrode, 1.4 /zm in thickness, can be formed by 
depositing, for example, about 5000 A silver (Ag), about 
800 A nickel (Ni), and 8000 A gold (Au), consecutively, on 
the GaN layer 106, the first thin-film metal layer 111, or 
the second thin-film metal layer 112. A light-emitting 
semiconductor device with sufficiently high reflectivity and 
luminous efficiency can be obtained by the positive 
electrode having tfiis multi-layer structure. 

(Third Embodiment) 

FIG. 4 illustrates a sectional view of a f lip^-tip* type 
of light-emitting semiconductor device 300. The 
semiconductor device 3 00 has a sapphire substrate 101 which 



has a buffer layer 102 made of nitride aluminum (A1N) having 
a thickness of 200 A and an n + -layer 103 having a thickness 
of 4-0 jum and a high carrier concentration successively 
thereon. 

And an emission layer 104 having a multi quantum-well 
(MQW) structure made of GaN and Ga 0 8 In 0 2 N is formed on the 
n + -layer 103. A Mg-doped p-layer 105 made of Al 0 . 15 Ga 0<8S N 
having a thickness of 600 A is formed on the emission layer 
104. Further, a Mg-doped p-layer 106 made of GaN having a 
thickness of 1500 A is formed on the p-layer 105. 

A positive electrode 12 0, which may be also reif erred 
to as a multiple positive electrode 120 hereinafter, is 
formed by a metal deposit on the p-layer 106 and a negative 
electrode 140 is formed on the n + -layer 103. The multiple 
positive electrode 120 is made of a three-layer structure, 
having a first positive electrode layer 121 which is 
adjacent to the p-layer 106, a second positive electrode 
layer 122 formed on the first positive electrode layer 121, 
and a third positive electrode layer 123 formed on the 
second positive electrode layer 122. 

The first positive electrode layer 121 is a metal 
layer adjacent to the p-layer 106, which is made of rhodium 
(Rh) and has a thickness about 0.1 //m. The second positive 
electrode layer 122 is a metal layer made of gold (Au), 
having a thickness about 1.2 //m. The third positive 
electrode layer 123 is a metal layer made of titanium (Ti), 
having a thickness about 20 A. 



A negative electrode 14 0 having a multi-layer 
structure is formed on an exposed portion of the n + -layer 
103 of high carrier concentration. The multi-layer 
structure is comprising following five layers: about 175 A 
in thickness of vanadium (V) layer 141; about 1000 A in 
thickness of aluminum (Al) layer 142; about 500 A in 
thickness of vanadium (V) 143; about 5000 A in thickness of 
nickel (Ni) layer 144; and about 8000 A in thickness of 
gold (Au) layer 145. 

A protection layer 130 made of Si0 2 film is formed 
between the multiple positive electrode 120 and the negative 
electrode 140. The protection layer 130 covers a portion of 
the n + -layer 103 exposed to form the negative electrode 140, 
sides of the emission layer 104, the p-layer 105, and the p- 
layer 106 exposed by etching, a portion of an upper surface 
of the p-layer 106, sides of the first positive electrode 
layer 121, the second positive electrode layer 122, and the 
third positive electrode layer 123, and a portion of an 
upper surface of the third positive electrode layer 123. A 
thickness of the protection layer 130 covering a portion of 
the upper surface of the third positive electrode layer 123 
is 0.5 jum. 

FIG. 5A shows a table comparing luminous intensities 
of the light-emitting semiconductor device 300 explained 
above with the light-emitting semiconductor device 4 00 of 
prior art. As shown in FIG. 5A, the present invention can 
improve the luminous efficiency by about 30 to 40 % compared 



with the prior art. 

cKf> 

Because the structure of the f lip ^Liy type of light- 
emitting semiconductor device 300 allows itself to have a 
high luminous intensity and durability, the protection layer 
130 can be omitted in considerable area and both the 
positive and the negative electrodes can use wider area to 
connect to an external electrode. By forming a bump by 
solder or a gold ball directly on the positive and the 
negative electrodes, the light-emitting semiconductor device 
300 is inverted and can be directly connected with a circuit 
board. 

Further, the light-emitting semiconductor device 300 
can also be connected with an external electrode by a wire 
bonding . 

In the third embodiment, the multiple positive 
electrode 120 has a thickness about 1.3 //m. Alternatively, 
the thickness of the multiple positive electrode 120 can be 
in the range of 0.11 jmm to 10 fjim. When the thickness of 
the multiple positive electrode 120 is less than 0.11 //m, a 
light reflectivity becomes insufficient, and a firm adhesion 
to connecting materials such as a bump, a gold ball, etc. 
cannot be obtained. And when the thickness of the multiple 
positive electrode 120 is more than 10 jum, too much time 
and materials for deposit are required, which means that the 
thickness is of no use concerning a production cost 
performance. 

In the third embodiment, the first positive electrode 



layer 121 has a thickness about 0.1 //m. Alternatively, the 
thickness of the first positive electrode layer 121 can be 
in the range of 0.01 p.m to 5 //m. The thickness of the 
first positive electrode layer 121 should be more preferably 
in the range of 0.05 p.m to 1 //m. When the thickness of the 
first positive electrode layer 121 is too small, a light 
reflectivity becomes insufficient, and when too large, too 
much time and materials for deposit are required, which 
means that the thickness is of no use concerning a 
production cost performance. 

In the third embodiment, the second positive electrode 
layer 122 has a thickness about 1.2 //m. Alternatively, the 
thickness of the second positive electrode layer 122 can be 
in the range of 0.03 >um to 5 //m. The thickness of the 
second positive electrode layer 122 should be preferably in 
the range of 0.1 //m to 5 //m, more preferably 0.2 //m to 3 JUL 
m, and further more preferably, 0.5 /zm to 2 /zm. When the 
thickness of the second positive electrode layer 122 is too 
small, a firm adhesion to connecting materials such as a 
bump, a gold ball, etc. cannot be obtained. And when too 
large, too much time and materials for deposit are required, 
which means that the thickness is not preferable for both 
the second positive electrode layer 122 and the negative 
electrode 14 0, concerning a production cost perf ormance . 

In the third embodiment, the third positive electrode 
layer 123 has a thickness about 20 A. Alternatively, the 
thickness of the third positive electrode layer 123 can be 



in the range of 3 A to 1000 A. The thickness of the third 
positive electrode layer 123 should be preferably in the 

range of 5 A to 1000 A, more preferably 10 A to 500 A, and 
further more preferably, 15 A to 100 A. When the thickness 
of the third positive electrode layer 123 is too small, an 
adhesion to the protection layer 130 is weakened, and when 
too large, a resistivity becomes too large. 

In the third embodiment, the third positive electrode 
layer 123 is made of titanium (Ti) . Alternatively, the 
third positive electrode layer 123 can be made of titanium 
(Ti) or chromium (Cr), or an alloy including at least one of 
these metals, 

FIG. 6 illustrates a table showing characteristics of 
metals used in the first positive electrode layer 121. Each 
evaluation items (D through ® are as follows: 

(D REFLECTIVITY: a degree of reflectivity of visible 
(violet, blue, and green) rays whose wavelength is 
in the range of 380 nm to 550 nm, when a certain 
quantity of light is emitted by the emission layer 
104; 

(D CONTACT RESISTANCE (DRIVING VOLTAGE): a degree of 
driving voltage of the light-emitting semiconductor 
device associated with a contact resistance to the 
GaN layer; 

® ADHESIVENESS TO GAN LAYER: a degree of generation 
frequency of a failure examined by a predetermined 
endurance test; 



(D CORROSION RESISTSANCE: an evaluation by 
characteristics of each metal; 

(D CHARACTERISTICS STABILITY AFTER FORMING Au : an 

evaluation by an increasing of driving voltage with 
laps of time after forming the second positive 
electrode layer_122 made of gold (Au) formed in the 
light-emitting semiconductor device 3 00, and a 
decreasing of reflectivity of visible rays; 

©TOTAL EVALUATION (MASS PRODUCTION): a total 
5 evaluatiqn based on items (D to (D described above, 

concerning a mass production of the light-emitting 

Ui 

S semiconductor device of this invention. 

fU 

Especially, with respect to a flip^-fcxpr type of light - 
=P emitting semiconductor device, the evaluations should be 

better than GOOD (O) at both items (D and © for a mass 
D production of the light-emitting semiconductor device. 

Accordingly, the list shown in FIG. 6 shows a usefulness of 
the present device. 

Although rhodium (Rh) is inferior a little to silver 
(Ag) concerning reflectivity (item®), it has the same or 
superior characteristics in items (D to (D, compared with 
other metals. So rhodium (Rh) is proved to be one of the 
best metals to form one of the positive electrode and the 
first positive electrode layer. 

Also, ruthenium (Ru) has a similar or close 
characteristics to rhodium (Rh). So it is also proved to be 
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one of the best metals to form one of the positive electrode 
and the first positive electrode layer. 

(Fourth Embodiment) 

FIG. 9 shows; a plan view of a light-emitting 
semiconductor device 500, an embodiment of the light- 
emitting semiconductor device 300 shown in FIG. 4 of the 
present invention. Because the light-emitting semiconductor 
500 has the almost same structure as that of the light- 
emitting device 300, each layers has the same number and 
uses the same metal as that of each layers in FIG. 4. 

Then an aging variation for a luminous intensity of 
the light-emit t;ing semiconductor device 500 has been 
measured. FIG.* 5B shows a table comparing aging variations 
for luminous intensities of the light-emitting semiconductor 
device 500 and the light-emitting semiconductor device 400 
of prior art. As shown in FIG. 5B, with respect to the 
luminous intensity, the present invention can hold 95 % of 
the initial value after 100 hours and 90 % after 1000 hours, 
while the light-emitting semiconductor device 400 can only 
hold 90 % of the initial value after 100 hours and 85 % 
after 1000 hours. Accordingly, the present invention can 
improve a durability compared with the light-emitting 
semiconductor device 400 of prior art. 

ckip 

Because the structure of the flip^fcip- type of light- 
emitting semiconductor device 500 allows itself to have a 
high luminous intensity and durability, the protection layer 



13 0 can be omitted in considerable area and both the 
positive and the negative electrodes can use wider area to 
connect to an external electrode. As shown FIG. 9, the 
negative electrode and the positive electrode can occupy 
over 10 % and over 40 % of the upper area of the light- 
emitting semiconductor device 500, respectively. As a 
result, a connection with an external electrode cannot be 
restricted to a wire bonding. Alternatively, the electrodes 
can be connected to an external electrode by forming a bump 
by solder or a gold ball directly on the positive and the 
negative electrodes, or the light-emitting semiconductor 
device 500 is inverted and can be directly connected with a 
c ircu it board . 

In the fourth embodiment, the multiple positive 
electrode 120 has a thickness about 1.5 xzm. Alternatively, 
the thickness of the multiple positive electrode 120 can be 
in the range of 0.11 //m to 10 //m. When the thickness of 
the multiple positive electrode 120 is less than 0.11 //m, a 
light reflectivity becomes insufficient, and a firm adhesion 
to connecting materials such as bump, a gold ball, etc. 
cannot be obtained. And when the thickness of the multiple 
positive electrode 120 is more than 10 //m, too much time 
and materials for deposit are required, which means that the 
thickness is of no use concerning a production cost 
performance. 

In the fourth embodiment, the first positive electrode 
layer 121 has a thickness about 0.3 //m. Alternatively, the 



thickness of the first positive electrode layer 121 can be 
in the range of 0.01 //m to 5 //m. The thickness of the 
first positive electrode layer 121 should be more preferably 
in the range of 0-05 //m to 1 /im. When the thickness of the 
first positive electrode layer 121 is too small , a light 
reflectivity becomes insufficient, and when too large, too 
much time and materials for deposit are required, which 
means that the thickness is of no use concerning a 
production cost performance. 

In the fourth embodiment, the second positive 
electrode layer 122 has a thickness about 1.2 jum. 
Alternatively, the thickness of the second positive 
electrode layer 122 can be in the range of 0.03 //m to 5 /zm. 
The thickness of the second positive electrode layer 122 
should be preferably in the range of 0.05 jmm to 3 ^m, 0.1 
jmm to 5 jmm, and more preferably, 0.2 /zm to 3 /xm, and 
further more preferably, 0.5 //m to 2 jum. When the 
thickness of the second positive layer 122 is too small, a 
firm adhesion to connecting materials such as a bump, a gold 
ball, etc. cannot be obtained. And when too large, too much 
time and materials for deposit are required, which means 
that the thickness is not preferable for both the second 
positive electrode layer 122 and the negative electrode 140, 
concerning a production cost performance. 

In the fourth embodiment, the third positive electrode 
layer 123 has a thickness about 20 A. Alternatively, the 
thickness of the third metal layer 112 can be in the range 
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of 3 A to 1000 A. The thickness of the third positive 
electrode layer 123 should be preferably in the range of 5 
A to 1000 A, more preferably/ 10 A to 500 A, and further 
more preferably, 15 A to 100 A. When the thickness of the 
third positive electrode layer 123 is too small, an adhesion 
to the protection layer 130 is weakened, and when too large, 
a resistivity becomes too large. 

In the fourth embodiment, the third positive electrode 
layer 123 is made of titanium (Ti). Alternatively, the 
third positive electrode layer 123 can be made of chromium 
(Cr) . ■ 

(Fifth Embodiment) 

FIG. UO illustrates a sectional view of a flip 4&ip type 

A 

of light-emitting semiconductor device 600. The 
semiconductor device 600 has a sapphire substrate 101 which 
has a buffer layer 102 made of nitride aluminum (AlN) having 
a thickness of 200 A and an n + -layer 103 having a thickness 
of 4.0 //m and a high carrier concentration successively 
thereon. 

And an emission layer 104 having a multi quantum-well 
(MQW) structure made of GaN and Ga 0 . 8 In 0 . 2 N is formed on the 
n + -layer 103. A Mg-doped p-layer 105 made of Al 0 . 15 Ga 0 . e5 N 
having a thickness of 600 A is formed on the emission layer 
104. Further, a Mg-doped p-layer 106 made of GaN having a 
thickness of 1500 A is formed on the p-layer 105. 

A positive electrode 120, which may be also referred to 



as a multiple positive electrode 120 hereinafter, is formed 
by a metal deposit on the p-layer 106 and a negative 
electrode 14 0 is formed on the n + -layer 103. The multiple 
positive electrode 120 is made of a three-layer structure, 
having a first positive electrode layer 121 which is 
adjacent to the p-layer 106, a second positive electrode 
layer 122 formed on the first positive electrode layer 121, 
and a third positive electrode layer 123 formed on the 
second positive electrode layer 122. 

The first positive electrode layer 121 is a metal layer 
adjacent to the p-layer 106, which is made of rhodium (Rh) 
and has a thickness about 3000 A. The second positive 
electrode layer 122 is a metal layer made of titanium (Ti), 
having a thickness about 100 A. The third positive 
electrode layer 123 is a metal layer made of gold (Au), 

having a thickness about 500 A. 

A negative electrode 14 0 having a multi-layer structure 
is formed on an exposed portion of the n + -layer 103 of high 
carrier concentration. The multi-layer structure is 
comprising following five layers: about 175 A in thickness 
of vanadium (V) layer 141; about 1000 A in thickness of 
aluminum (Al) layer 142; about 500 A in thickness of 
vanadium (V) 143; about 5000 A in thickness of nickel (Ni) 
layer 144; and about 8000 A in thickness of gold (Au) layer 
145. 

A protection layer 130 made of Si0 2 film is formed 
between the multiple positive electrode 120 and the negative 



electrode 140. The protection layer 130 covers a portion of 
the n + -layer 103 exposed to form the negative electrode 140, 
sides of the emission layer 104, the *p-layer 105, and the p- 
layer 106 exposed by etching, a portion of an upper surface 
of the p-layer 106, sides of the first positive electrode 
layer 121, the second positive electrode layer 122, and the 
third positive electrode layer 123, and a portion of an 
upper surface of the third positive electrode layer 123. A 
thickness of the protection layer 130 covering a portion of 
the upper surface of the third positive electrode layer 123 
is 0.5 juyn. 

The present invention can improve the luminous 
efficiency by about 3 0 to 40 % compared with the prior art. 

Because the structure of the f li^«fe±f* type of light- 
emitting semiconductor device 600 allows itself to have a 
high luminous intensity and durability, the protection layer 
130 can be omitted in considerable area and both the 
positive and the negative electrodes can use wider area to 
connect to an external electrode. By forming a bump by 
solder or a gold ball directly on the positive and the 
negative electrodes, the light-emitting semiconductor device 
600 is inverted and can be directly connected with a circuit 
board. 

Further, the light-emitting semiconductor device 600 
can also be connected with an external electrode by a wire 
bonding. 

In the fifth embodiment, the multiple positive 



electrode 12 0 has a thickness about 0.36 //m. Alternatively , 
the thickness of the multiple positive electrode 120 can be 
in the range of 0.11 jum to 10 /im. When the thickness of 
the multiple positive electrode 120 is less than 0.11 jmrn, a 
light reflectivity becomes insufficient, and a firm adhesion 
to connecting materials such as a bump, a gold ball > etc. 
cannot be obtained. And when the thickness of the multiple 
positive electrode 120 is more than 10 jum, too much time 
and materials for deposit are required, which means that the 
thickness is of no use concerning a production cost 
performance . 

In the fifth embodiment, the first positive electrode 
layer 121 has a thickness about 3000 A. Alternatively, the 
thickness of the first positive electrode layer 121 can be 
in the range of 0.01 //m to 5 jum. The thickness of the 
first positive electrode layer 121 should be more preferably 
in the range of 0.05 jum to 1 //m. When the thickness of the 
first positive electrode layer 121 is too small, a light 
reflectivity becomes insufficient, and when too large, too 
much time and materials for deposit are required, which 
means that the thickness is of no use concerning a 
production cost performance. 

In the fifth embodiment, the second positive electrode 
layer 122 has a thickness about 100 A. Alternatively, the 
thickness of the second positive electrode layer 122 can be 
in the range of 3 A to 1000 A. The thickness of the second 
positive electrode layer 122 should be preferably in the 



range of 5 A to 1000 A, and more preferably, 5 A to 500 A, 
and further more preferably, 15 A to 100 A. When the 
thickness of the second positive electrode layer 122 is too 
small, a firm adhesion to connecting materials such as a 
bump, a gold ball, etc. cannot be obtained- And when too 
large, too much time and materials for deposit are required, 
which means that the thickness is not preferable for both 
the second positive electrode layer 12 2 and the negative 
electrode 140, concerning a production cost performance. 

In the fifth embodiment, the third positive electrode 
layer 123 has a thickness about 500 A. Alternatively, the 
thickness of the third positive electrode layer 123 can be 
in the range of 0.03 jum to 5 jum. The thickness of the 
third positive electrode layer 123 should be preferably in 
the range of 0.05 jum to 3 jum, 0.1 /zm to 5 jum, more 
preferably, 0.2 jum to 3 jum, and further more preferably, 
0.5 /zm to 2 jum. When the thickness of the third positive 
electrode layer 123 is too small, an adhesion to the 
protection layer 130 is weakened, and when too large, a 
resistivity becomes too large. 

In the fifth embodiment, the third positive electrode 
layer 123 is made of gold (Au). Alternatively, a fourth 
positive electrode 124 made of one of titanium (Ti), 
chromium (Cr), and an alloy including at least one of these 
metals can be formed on the third positive electrode layer 
123 with the width of the third positive electrode layer of 
the third embodiment. 



With respect to the structure of the layers of the 
electrodes in the first to fifth embodiments, physical and 
chemical composition of each layers in the light-emitting 
semiconductor device is shown at the instant time of 
deposition. It is needless to mention that solid solutions 
or chemical compounds are formed between each layers by 
physical or chemical treatments such as a heat treatment to 
obtain a firmer adhesion or to lower a contact resistivity. 

In the first to fifth embodiments, the emission layer 
104 has a MQW (multi-quantum well) structure. Alternatively, 
the emission layer 104 can have a SQW (single-quantum well) 
structure or a homozygous structure. Also, a III group 
nitride compound semiconductor layer (inclusive of a buffer 
layer) of the light-emitting semiconductor device in the 
present invention can be formed of one of a quaternary, 
ternary and binary layer compound Al x Ga y Inj. x . y N (O^x^l, O^y 

^1, O^x+y^l). 

Alternatively, metal nitrides such as titanium nitride 
(TiN), hahnium nitride (HfN) or metal oxide such as zinc 
oxide (ZnO), magnesium oxide (MgO), manganese oxide (MnO) 
can be used to form the buffer layer. 

In the embodiments, magnesium (Mg) is used as a p-type 
impurity. Alternatively, group II elements such as 
beryllium (Be) or zinc (Zn) can be used. Further, to lower 
a resistivity of the p-type semiconductor layer doped with a 
p-type impurity described above, activates treatments such 
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as radiation of electron rays or annealing can be executed. 

in the embodiments, the n*-layer 103 of high carrier 
intensity is made of silicon (Si) doped gallium nitride 
(GaN) . Alternatively, these n-type semiconductor layers can 
be formed by doping the group III nitride compound 
semiconductor described above with group IV elements such as 
silicon (Si) or germanium (Ge), or group VI elements. 

In the embodiments, sapphire is used for the substrate. 
Alternatively, silicon carbide (SiC), zinc oxide (ZnO), 
magnesium oxide (MgO) , or manganese oxide (MnO) can be used 
to form the substrate. 

While the invention has been described in connection 
with what are presently considered to be the most practical 
and preferred embodiments, it is to be understood that the 
invention is not to be limited to the disclosed embodiments, 
but on the contrary, is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. 



